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(57) ABSTRACT 

In the conventional lighting equipment for Vehicle using 
LED lamp, as the LED lamp irradiation angle is narrow, an 
optical irregularity making the luminescent Surface Spotted 
is generated, resulting in a feeling of wrongness of the 
viewer. Means to Solve the Problem. A LED lighting equip 
ment 1 for vehicle of the present invention, comprising at 
least one light emitting unit 3 wherein an LED lamp 2 is 
disposed approximately at the focus of one hyperboloid, a 
reflection Surface of hyperboloid 4 defined by the other 
hyperboloid comprising a transmission portion 4a disposed 
in an appropriate range near the optical axis is arranged in 
the LED lamp 2 optical axial direction, and a refection 
Surface of paraboloid of revolution 5 having the approximate 
focus at the focus of said the other hyperboloid focus is 
arranged at the Side of Said LED lamp 2, allows to enlarge 
the irradiation angle at the reflection Surface of hyperboloid 
4, and to emit light in a larger area. 

16 Claims, 3 Drawing Sheets 
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LED LIGHTING EQUIPMENT FOR 
VEHICLE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a composition of a 
lighting equipment for vehicle adopting one or a plurality of 
LED lamps as light Source, and more precisely, has an object 
to provide a composition allowing to prevent irregular 
brightness over the light emitting Surface that appears fre 
quently when the LED lamp is adopted as light Source from 
occurring. 

2. Detailed Description of the Prior Art 
FIG. 6 shown an example of composition of a conven 

tional LED lighting equipment 90 for vehicle, wherein an 
LED lamp 92 is fitted to each of individual reflector portion 
91a, of a base plate 91 where a plurality of reflector portions 
91 for example as surface of paraboloid of rotation are 
formed, and further, the front of said LED lamp 92 is 
covered with a lens 93 provided with a lens cut 93a 
corresponding to each of individual reflector portion 91a. 

In Such a composition, the direct light from the LED lamp 
92 and the light reflected from said reflector portion 91a are 
incident to said lens cut 93a and, it is expected that the whole 
surface of the lens 93 shines with an approximately even 
brightness by the effect of the lens cut 93a for diffusing these 
light conveniently. 

However, in the LED lighting equipment 90 for vehicle of 
Said conventional composition, the adopted LED lamp 92 is, 
for instance, a LED chip of 0.3 mm Square that can Sub 
Stantially taken as a point light Source, covered with a resin 
lens Serving also as case and, there, as Said resin lens is 
formed in a convex lens having its focus near the LED chip, 
the light emitted from the LED lamp 92 is highly converged, 
presenting a narrow irradiation angle (for instance 30 to 50° 
in half value of the brightness). 

Therefore, light attains rarely to said reflector portion 91a 
and, substantially, only the direct light from the LED lamp 
92 passes through the lens 93 and reaches at the viewer, and 
a luminescence irregularity appears over the light emitting 
surface (namely on the lens 93 surface) as shown in FIG. 7, 
deteriorating the appearance. 

In order to Solve this problem, the radiation angle of 
respective LED lamps 92 may be overlapped each other, by 
reducing the LED lamp 92 arrangement distance, or increas 
ing the depth of the LED lighting equipment for Vehicle; 
however, if the distance is reduced, the necessary number of 
LED lamps 92 for the same light emitting Surface, resulting 
in increase of cost, power consumption, temperature when 
turned on, or other problems, and if the depth is increased, 
the size also increasing, making difficult to load on a vehicle 
and causing other new problems. 

SUMMARY OF THE INVENTION 

The present invention Solves the problems by providing, 
as a concrete means for Solving the aforementioned conven 
tional problems, a LED lighting equipment for vehicle, 
comprising at least one light emitting unit wherein an LED 
lamp is disposed approximately at the focus of one 
hyperboloid, a reflection surface of hyperboloid defined by 
the other hyperboloid comprising a transmission portion 
disposed in an appropriate range near an optical axis is 
arranged in the LED lamp optical axial direction, and a 
refection Surface of paraboloid of revolution having the 
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2 
approximate focus at the focus of Said the other hyperboloid 
focus is arranged at the Side of Said LED lamp. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross section showing a first embodiment of the 
LED lighting equipment for vehicle according to the present 
invention; 

FIG. 2 illustrates the characteristics of hyperbola; 
FIG. 3 is a croSS Section showing essential parts of a 

Second embodiment of the LED lighting equipment for 
vehicle also according to the present invention; 

FIG. 4 is a croSS Section showing essential parts of a third 
embodiment of the LED lighting equipment for vehicle also 
according to the present invention; 

FIG. 5 is a croSS Section showing essential parts of a 
fourth embodiment of the LED lighting equipment for 
vehicle also according to the present invention; 

FIG. 6 is a croSS Section showing an example of the prior 
art; and 

FIG. 7 illustrate the luminescence state of the example of 
the prior art. 

DETAILD DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Now, the present invention will be described in detail, 
based on the embodiment shown in the drawing. In FIG. 1, 
the Symbol 1 indicates a first embodiment of a lighting 
equipment for vehicle according to the present invention, 
adopting an LED lamp 2 as in the prior art; however, in this 
invention, the LED lamp 2 is provide with a light emitting 
unit 3. 

Said light emitting unit 3 comprises, as main components, 
a reflection Surface of hyperboloid 4 having a transmission 
portion, and a reflection Surface of paraboloid of revolution 
5 4, and said LED lamp 2 is disposed at a predetermined 
position in respect to Said reflection Surface of hyperboloid 
4. 

Before describing the lighting equipment for vehicle 1 of 
the present invention, the properties of hyperbola will be 
explained briefly. As shown in FIG. 2, a pair of hyperbolae 
h1, h2 facing each other have respectively foci fl, f2. A 
hyperboloid of two sheets facing each other with both 
convex faces is obtained by the rotation of the hyperbolae 
h1, h2 around an axis X passing through said two foci f1, f2. 
General formula of a hyperboloid of two sheets are defined 
as follows: 

Here, if a point light Source is disposed at the focus f1 of 
one hyperbola h1 when any one hyperboloid, for instance 
only the hyperboloid formed by the other hyperbola f2 exits, 
the hyperboloid formed by the other hyperbola h2generates 
a reflection light as if light is radiated from the focus f2. 
However, as the hyperboloid is convex, the radiation angle 
is enlarged than in case of radiation from the focus f1. 

In the present invention, the reflection Surface of hyper 
boloid 4 of the composition mentioned above is used and, 
referring again to FIG. 1, Said LED lamp 2 is placed at the 
position of the focus f1 of one hyperbola h1. And, said 
reflection surface of hyperboloid 4 is the other hyperboloid 
of two sheets defined by the other hyperbola h2. 
On the other hand, said refection surface of paraboloid of 

revolution 5 has the focus 2 of said other hyperbola h2 as 
focus. Therefore, light from a virtual light Source existing at 
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the focus f2 is reflected as parallel light in the irradiation 
direction X of the LED lighting equipment for vehicle 1. 
Here, the virtual light Source existing at Said focus f2 is 
generated, as mentioned above, by the LED lamp 2 disposed 
at the focus f1 and, as a result, the refection Surface of 
paraboloid of revolution 5 direct the light from the LED 
lamp 2 disposed at the focus f1 to the irradiation direction X. 
Now, the transmission portion 4a disposed on the reflec 

tion Surface of hyperboloid 4 will be explained; this trans 
mission portion 4a transmits the light from the LED lamp 2 
to the irradiation direction X, without reflecting. This is 
because said refection surface of paraboloid of revolution 5 
reflects the light from the reflection surface of hyperboloid 
4 as parallel light parallel to the irradiation direction X, and 
the reflected light enters again the reflection Surface of 
hyperboloid 4 in a portion behind the reflection surface of 
hyperboloid 4 and, as a result, shielded by the reflection 
Surface of hyperboloid 4 and can not be used as reflected 
light. 

Consequently, the diameter d2 of Said transmission por 
tion 4a is defined according to the diameter d1 of the 
reflection Surface of hyperboloid 4, in short, when the light 
radiated from the LED lamp 2 and reflected by the reflection 
surface of hyperboloid 4 attains the refection surface of 
paraboloid of revolution 5, the portion constituting a range 
narrower than the diameter d1 of the reflection Surface of 
hyperboloid 4 e.g. a portion in the vicinity of vertex of a 
hyperboloid 4 can be the transmission 4a and radiate directly 
in the irradiation direction X, preventing the loss of light 
amount. 

AS for a concrete method for forming Said transmission 
portion 4a, when said reflection surface of hyperboloid 4 is 
made of metal plate or other opaque member, a hole of a 
predetermined diameter may be opened at a predetermined 
position, and when it is made of resin or other transparent 
member, reflection treatment Such as aluminum vacuum 
deposition may be applied except for the transmission 
portion 4a. 

Thus, a lens 6 provided with a convenient lens cut 6a is 
disposed in front of the light directed to the irradiation 
direction X from said refection surface of paraboloid of 
revolution 5 and the transmission portion 4a of the reflection 
Surface of hyperboloid 4, and light distribution characteris 
tics as LED lighting equipment for vehicle 1 can be obtained 
by affording a convenient divergence to both lights from he 
reflection surface of the paraboloid of revolution 5 and the 
transmission portion 4a. 

In the foregoing, one light emitting unit 3 in the LED 
lighting equipment for vehicle 1 has been described; 
however, the present invention is not limited to dispose one 
light emitting unit 3 for one LED lighting equipment for 
vehicle 1, a plurality of light emitting units 3 may be 
disposed for a Single LED lighting equipment for vehicle 1. 
Now, the functions and effects of the LED lighting 

equipment for vehicle 1 of the present invention having the 
aforementioned composition. In the composition of the 
present invention, as light from the LED lamp 2 is once 
reflected by the reflection surface of hyperboloid 4 and then 
received by the refection surface of paraboloid of revolution 
5 and directed as parallel light in the irradiation direction X, 
allowing to enlarge a narrow irradiation angle of the LED 
lamp 2. 

Therefore, light having an enlarged irradiation angle is 
incident to Said refection Surface of paraboloid of revolution 
5, thereby eliminating dot luminescence that has been pro 
duced when the LED lamp 2 was adopted as light Source in 
the prior art, and removing irregular brightness that has been 
produced on the luminescent Surface of the lighting equip 
ment 1. 

5 

15 

25 

35 

40 

45 

50 

55 

60 

65 

4 
FIG. 3 shows a second embodiment of the present 

invention, and this Second embodiment concerns Said reflec 
tion Surface of hyperboloid 4. In the general characteristics 
of the LED lamp 2, light amount directed in the irradiation 
direction X is overwhelmingly important, and it is expected 
that the light amount passing through the transmission 
portion 4a is considerably high, though the aforementioned 
transmission portion 4a is Small in diameter. 

Consequently, it is preferable to diverge the light passing 
through Said transmission portion 4a over an area as large as 
possible, for taking the balance of brightness with the other 
portions Such as refection Surface of paraboloid of revolu 
tion 5; therefore, in this second embodiment, a full reflection 
Surface 4c made, for instance, in a Substantially conical 
form, is provided on the optical path from Said transmission 
portion 4a and light is reflected on the back of the reflection 
Surface of hyperboloid 4 to enhance the divergence. Here, in 
this Second embodiment, the reflection Surface of hyperbo 
loid 4 is formed with transparent resin or the like. 

FIG. 4 shows essential parts of a third embodiment of the 
LED lighting equipment for vehicle according to the present 
invention. In the foregoing Second embodiment, the reflec 
tion surface of hyperboloid 4 was described as the one 
wherein the basic form of the reflection surface of hyper 
boloid 4 is made of metal, or, transparent, opaque resin 
member or the like, and the portion to constitute the reflec 
tion Surface is reflection treated 4b by aluminum vacuum 
deposition or others. 

In opposition, the reflection Surface of hyperboloid 7 of 
this third embodiment, the function of full reflection gener 
ating at the interface in a transparent resin at the critical 
angle produced by the difference of the transparent resin 
refractive index and the atmospheric refractive index is used 
and, in this embodiment, the hyperboloid 7a is formed at the 
interface with the atmosphere at the back of the transparent 
member viewed from the LED lamp 2. 
The convenient range for the incident position of the light 

from the LED lamp 2 is made as an arc r1 Surface around the 
first focus fl or a plane, to form a transmission portion 
incidence portion 7b, and the back portion corresponding to 
Said transmission portion incidence portion 7b is made as a 
convenient convex lens shape or others, to form a transmis 
sion portion exit portion 7c. Here, the diameter of the 
transmission portion exit portion 7c is decided Similarly to 
the foregoing first embodiment. 
A face 7d at the LED lamp 2 side which is the thickness 

direction of the reflection surface of hyperboloid 7a is made, 
for instance, as an arc r2 Surface around the Second focus f2 
not to impart basically change to the progression direction of 
the reflection light from the hyperboloid 7a, and not to 
impair the function of obtaining parallel light by the reflec 
tion from the following refection Surface of paraboloid of 
revolution 5 (not shown); however, the modification thereof 
is possible, and the face 7d made as a convenient convex 
Surface Such that light rays are diverged at the time point 
when the reflection is realized by the refection surface of 
paraboloid of revolution 5, and the lens cut 6a to be applied 
to the lens 6 can be reduced, to improve the transparence as 
the whole LED lighting equipment for vehicle 1. The face 7d 
may include any prismatic cuts. 
Now the function and effect of this third embodiment will 

be described; it is unnecessary to apply mirror Surface 
treatment to the hyperboloid 7a by aluminum vacuum 
deposition. In the aforementioned first embodiment, the 
formation of the reflection surface of hyperboloid 4 with 
transparent resin member required complex operation Such 
as masking for Securing the transmission portion 4a, there 
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fore the exemption of mirror Surface treatment reduces the 
number of man-hour, present an evident effect. 

FIG. 5 shows the fourth embodiment of the present 
invention and, in this fourth embodiment, the reflection 
surface of hyperboloid 8 is formed integrally with the lens 
6. Such integration allows to omit the mounting process of 
the reflection Surface of hyperboloid 8 and, especially, in 
case where a plurality of LED lamps 2 are adopted as light 
Source for the LED lighting equipment for vehicle 1, making 
unnecessary the number of man-hour for adjusting the 
position of the reflection surface of hyperboloid 8 for each 
of individual LED lamp 2, allowing to reduce further the 
number of man-hour. In addition, the fourth embodiment can 
make its effect further evident by using with the third 
embodiment where the mirror Surface treatment is unnec 
eSSary. 
AS described above, the LED lighting equipment for 

vehicle of the present invention, comprising at least one light 
emitting unit wherein an LED lamp is disposed approxi 
mately at the focus of one hyperboloid, a reflection Surface 
of hyperboloid defined by the other hyperboloid comprising 
a transmission portion disposed in an appropriate range near 
the optical axis is arranged in the LED lamp optical axial 
direction, and a refection Surface of paraboloid of revolution 
having the approximate focus at the focus of Said the other 
hyperboloid focus is arranged at the Side of Said LED lamp, 
allows to enlarge the irradiation angle of the LED lamp in a 
state where the focus of the one hyperboloid i.e. the LED 
lamp is located by reflecting the light from the LED lamp 
presenting a narrow irradiation angle by the reflection Sur 
face of the other hyperboloid, and to illuminate a larger area 
with the light from a single LED lamp, by reflecting this 
light whose irradiation angle is enlarged in the irradiation 
direction by the refection surface of paraboloid of 
revolution, thereby, Solving the irregular brightness pro 
duced on the luminescent Surface of this kind of LED 
lighting equipment for Vehicle and deploying extremely 
excellent effects for improving the performance. 
What is claimed is: 
1. A lighting equipment for vehicle, comprising at least 

one light emitting unit, the light emitting unity having an 
optical axis comprising: 

a first reflection unit comprising a hyperbolic reflecting 
Surface having a first focus on the optical axis and a 
light transmission portion in the vicinity of the optical 
axis, 

a Second reflecting Surface of paraboloid of revolution 
having a Second focus approximately at the first focus 
of the hyperbolic reflecting Surface for reflecting light 
rays from the first reflecting Surface to an irradiation 
direction of the light emitting unit; and 

a light Source oriented to face to the light transmission 
portion and located on the optical axis Symmetrically 
with the first focus about an axis orthogonal to the 
optical axis. 

2. The lighting equipment for vehicle of claim 1, wherein 
the hyperbolic reflecting Surface reflects light from the light 
Source at a critical angle. 
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3. The lighting equipment for vehicle of claim 1, wherein 

the light transmission portion of the first reflection unit is 
located in a range larger than a re-entry portion of the 
hyperbolic reflecting surface into which light first reflected 
by the re-entry portion of the hyperbolic reflecting Surface 
re-enters the same after being reflected by the Second 
reflecting Surface, if the re-entry portion has a reflecting 
finish. 

4. The light equipment for vehicle of claim 2, wherein the 
light transmission portion of the first reflection united is 
located in a range larger than a re-entry portion of the 
hyperbolic reflecting surface into which light first reflected 
by the re-entry portion of the hyperbolic reflecting Surface 
re-enters the same after being reflected by the Second 
reflecting Surface, if the re-entry portion has a reflecting 
finish. 

5. The lighting equipment for vehicle of claim 1, wherein 
the light transmission portion has a curved Surface having an 
arc with a center approximately on the pseudo-focus. 

6. The lighting equipment for vehicle of claim 3, wherein 
the light transmission portion has a curved Surface having an 
arc a center approximately on the pseudo-focus. 

7. The light equipment for vehicle of claim 1, wherein the 
first reflection unit comprises a curved Surface having an arc 
with a center approximately on the first focus. 

8. The lighting equipment for vehicle of claim 2, wherein 
the first reflection unit comprises a curved Surface having an 
arc with a center approximately on the first focus. 

9. The lighting equipment for vehicle of claim 1, wherein 
the light transmission portion has a plane portion. 

10. The lighting equipment for vehicle of claim3, wherein 
the light transmission portion has a plane portion. 

11. The lighting equipment for vehicle of claim 1, wherein 
the first reflection unit has prismatic cuts for diverging 
directions of light rays after being reflected by the hyper 
bolic reflecting Surface. 

12. The lighting equipment for vehicle of claim 2, wherein 
the first reflection unit has prismatic cuts for diverging 
directions of light rays after being reflected by the hyper 
bolic reflecting Surface. 

13. The lighting equipment for vehicle of claim 1, wherein 
the light emitting unit comprises a front lens covering an 
aperture formed by the Second reflecting Surface, and the 
first reflection unit is formed integrally with the front lens. 

14. The lighting equipment for vehicle of claim 1, wherein 
the first reflection unit comprises a total reflection Surface 
corresponding to the light transmission portion for reflecting 
light rays to the hyperbolic reflecting Surface. 

15. The lighting equipment for vehicle of claim3, wherein 
the first reflection unit comprises a total reflection Surface 
corresponding to the light transmission portion for reflecting 
light rays to the hyperbolic reflecting Surface. 

16. The light equipment for vehicle of claim 1, wherein 
the light source is a LED. 

k k k k k 
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